The Rochester district encompasses a number of precious metal vein deposits which produced $7 million in silver and gold from 1912 to 1928. The largest deposits were mined on Nenzel Hill where over 100 million tons of low-grade silver-gold mineralization have recently been defined. 
Two distinct alteration epochs in the Humboldt Range are more easily recognized north of the Rochester district where intrusive rocks of differing age are not as closely iuxtaposed. Detailed microscopy (Jenney, 1935; Kerr and Jenney, 1935; Cameron, 1939) and chemical analyses (Tatlock, 1961 ) define earlier albitic and biotitic alteration of Koipato rocks, partly destroyed by a later quartz-sericite-pyrite assemblage.
Variable amounts of accessory pyrite and hematite occur in Koipato rocks throughout the Rochester district (l•ig. 4). Hematite microlites reside only in matrices of less altered eruptives and may reflect a magmatic component. Pyrite, which never occurs with hematite, appears to have crystallized with sericite and quartz. Pyrite, sericite, and quartz replaced matrices, phenocrysts, and clasts during sulfidation of iron oxide. Often pyrite is intergrown with titanium oxide (probably anatase) in composite grains of cubic habit. TiO2 may be residual from titanium-bearing magnetite or ilmenite. The presence of pyrite in Koipato rhyolites at great distances from epigenetic deposits and intrusive rocks, and its relation to iron and titanium oxides, suggests that it initially crystallized soon after eruption of the volcanic rocks and is partly independent of precious metal vein mineralization. Additional pyrite undoubtedly formed in Koipato rocks during Late Cretaceous plutonism in the Humboldt Range, particularly in the vicinity of vein deposits. Pyrite throughout the Rochester district contains significant amounts of silver and gold (Table 1) . Less altered Koipato rhyolite elsewhere in north central Nevada may contain several percent iron oxide, probably as a primary mineral. These dark-colored rhyolites do not contain detectable precious metals. Silicification is proximally related to most epigenetic mineralization but also occurs independently of metal values and quartz veining. The term silicification is used here in its broadest sense to include silica locally added to or regionally redistributed within Koipato rhyolites, epigenetic quartz introduced along fractures, the formation of groundmass silica from devitrification of glass, and the development of SiO2 from feldspar alteration. The maiority Examination of numerous thin sections of wall rock adjacent to and many feet from both narrow mineralized veins and major veins (arbitrarily those more than I ft thick) reveals only poorly definable mineralogical changes in Nenzel Hill rhyolites. Groundmass both near and far from veins is largely recrystallized into a quartz q-sericite q-K-feldspar q-pyrite mosaic. Overall, the groundmass is microcrystalline, suggesting little addition of components. Feldspar staining with cobaltinitrate indicates that much of the matrix texture represents either devitrification or Kfeldspar alteration to sericite and quartz, rather than introduced silica related to vein-forming hydrothermal fluids.
Distinctly coarser grained quartz locally forms inequigranular and irregular aggregates throughout the tuffs and flows regardless of proximity to the veins, but near the closely spaced veins on Nenzel Hill coarse-grained quartz in matrices is more abundant. It comprises up to 10 volume percent of the rhyolite. The increase in silica as major veins are approached is sudden, irregular, or subtle. Strong veinrelated silicification usually does not extend more than a few feet into the wall rock but often coalesces with silicification adjacent to other veins. Some vein breccia fragments are marginally replaced by a thin seam of slightly clearer and coarser grained quartz. The borders of others merge with equigranular, microcrystalline silica. Some mineralized veins have sharp borders with enclosing wall rock, but all degrees of marginal replacement by silica are evident. Fine-grained quartzsericite intergrowths may completely replace tuffaceous groundmass for several tenths of inches from quartz-sulfide stringers and render vein contacts indistinct. Coarser grained xenomorphic quartz aggregates display, in part, patchy undulose extinction, possibly indicative of coalescence of smaller grains during partial recrystallization. Such thoroughly silicified rhyolite is extremely hard and usually preserves unoxidized sulfides in the underground workings. Less silicified tuff, even though unfractured, may lack unweathered sulfides and sulfosalts.
Orthoclase and microcline phenocrysts in Weaver rhyolite adjacent to veins may be well preserved or only partly sericitized, and unaltered K-feldspar occurs at the contacts of quartz veins. Orthoclase in breccia fragments within major veins is usually recrystallized and/or sericitized. Feldspars of rock fragments in the ash flows in contact with veins are generally sericitized and pyritized. The distinct difference in alteration intensity between feldspars in clasts and feldspar phenocrysts in ash flows suggests that some clast alteration may have occurred prior to or concomitantly with eruption of the tuffs.
Chemical changes in Koipato rhyolites generally support petrographic observations. The composition of altered Rochester eruptives in Nenzel Hill (analyses C, D, and E, Table 2 ) differs only slightly from that of unmineralized rhyolite (analyses A and B, Table  2 ). The loss of sodium, effected by complete sericitization of plagioclase, and an increase in iron, largely as pyrite, are the most distinctive mass changes.
Weaver ash-flow tuffs in Nenzel Hill show similar trends for Na20 and Fe but also display marked losses The major veins have been stoped to a vertical depth of more than 1,000 ft below the summit of Nenzel Hill. They have been mined for combined strike lengths of 1,500 ft on the East vein and over 1,650 ft along the West vein. Because of decreasing dip, more than 1,500 ft of the West vein and 1,800 ft of the East vein have been mined downdip. In places, internal silicified wall rock and gouge in addition to veins were mined as ore. Grades were typically erratic but generally declined from $0+ oz Ag/ ton in near-surface stopes to <10 oz Ag/ton below 1,000 ft. Production from the veins declined markedly with depth.
Postmineralization faulting coincident with major veins is manifested by crushed zones of quartz and wall rock paralleling vein margins. Displacement along vein faults varies from a few feet to tens of feet, but pre-and postmineralization components are difficult to separate.
Myriads of faults and fractures in Weaver and
Rochester rocks are observed underground. The majority of these strike within $0 ø of north and dip 60 ø or less west. They appear to be largely coplanar with major vein faults but may be sympathetic with westdipping early Tertiary (?) structures which have intricately displaced Triassic rocks along the eastern flank of the Humboldt Range (Fig. 2) (Table 3A) . Sulfur-bearing minerals include, in approximate order of abundance: pyrite, sphalerite, argentian tetrahedrite, arsenopyrite, chalcopyrite, galena, covellite, chalcocite, stromeyerite, polybasite, pyrargyrite, acanthite, pyrrhotite, teallite, and owyheeite. Gold as electrum is a minor constituent. Pyrite comprises more than 95 percent of all sulfides but no more than a few percent of any vein. Pyrrhotite, teallite, and owyheeite are exceedingly rare. Argentian tetrahedrite is the most important hypogene silver-bearing phase. Oxidation of primary sulfides and sulfosalts has produced chlorargyrite, embolite, silver, chalcophanite, jarosite, melanterite, anglesite, manganese oxides, amorphous iron oxides, hematite, goethite, and chalcanthite, the latter three in noticeable amounts. Pyrite disseminated in wall rocks contributes, at most, 5 percent of the silver grade. Its characteristics were discussed previously in the section dealing with pyrite regionally distributed in Koipato rhyolites. Precious metal abundances in wall-rock pyrite from Nenzel Hill are listed in Table 1 . Wall-rock pyrite occurs in optically homogeneous cubes which are less than 130 •tm on edge. It is rather evenly distributed regardless of vein proximity and forms 1 to 5 volume percent of the rhyolites. The preferred association of pyrite with sericite and quartz in altered phenocrysts and rock fragments has been previously described. Wall-rock pyrite is nearly always cubic. It is much finer grained than the aggregates which characterize vein sulfides, and it is free of visible inclusions. Occasionally pyrite shares cubic cavities with anatase (?), suggesting pseudomorphic replacement of titanium-bearing, primary iron oxides. Microprobe beam traverses across disseminated pyrite cubes suggest that silver occurs evenly distributed in the matrix and as point concentrations of suboptical silver-bearing in- Hill, and the majority of low-grade silver occurs in supergene sulfide, both oxidized and partly oxidized forms. Textures, distribution, and occurrences of acanthite, silver, and silver halogenides, suggest that these phases largely precipitated during weathering. Scanning electron beam imagery, X-ray diffraction, and spectrographic analyses of oxidized vein and lowgrade mineralization reveal other supergene silver minerals and occurrences. Limonitic veins and fractures contain, in addition to the silver phases named above, silver-bearing amorphous iron oxides, argentojarosite, silver-antimony-sulfur phases, and silvercopper-sulfur phases. Some silver associations in oxidized veins and fractures are shown in Figure 8 . The absence of large-scale silver enrichment is somewhat predictable from examination of oxidized silver phases. The erratic distribution of native silver, chlorargyrite, bromargyrite, and acanthite in Nenzel Hill indicates that weathering conditions fluctuated considerably. All four minerals may be present in a hand specimen, suggesting locally variable oxidation potential and acidity in ground water (Garrels and Christ, 1965; Rose, 1976) . In much of the deposit weathering has not progressed beyond in-place oxidation of individual sulfide grains and aggregates (Fig. 8A) . Oxidized portions of the deposit are thus considerably out of equilibrium.
X-ray and infrared analyses reveal no clays mixed
Acanthite and chlorargyrite are the most abundant silver phases in the zone of sulfide weathering. The scarcity of native silver in weathered rhyolite in which pyrite is completely oxidized suggests that chlorine activity was high (> 100'3 m) during oxidation of sulfides and that much weathering has taken place in a rather acidic environment (Schmitt, 1962; Rose, 1976) . Eh was far more influential than pH in producing the existing assemblage. The resetting explanation conflicts with the fact that the veins entirely escaped deformation and recrystallization during the Cretaceous orogeny, even though apophyses of the Rocky Canyon intrusive may lie very close to the surface in the Rochester district (Fig. 4) . Oxygen isotope temperatures suggest that the dumortierite mineralization crystallized at higher temperatures than did any of the vein mineralization. Argon loss, which is correlative with increasing temperature, should make the stratiform dumortierite mineralization the youngest, which it is not. Thus, argon depletion conflicts with the results of Table $ 5 (section A-A') and 10 indicates most of the low-grade silver mineralization spatially coincides with low iron sphalerite assemblages.
Silver-gold zoning at Nenzel Hill is evident from the compilation of thousands of drill hole assays. Averaged Ag/Au for mineralized intercepts shows that gold abundance, relative to silver, increases with depth and is greatest in Rochester Formation rocks and peripheral to the low-grade deposit (Fig. 12) . Similar precious metal zonation was observed at Tonopah, Nevada (Nolan, 1985) , and at Tayoltita, Durango (Smith, 1978) . At Tayoltita, higher gold con- high internal pressures arising from trapped carbon dioxide phases and the data required careful interpretation (Vikre, 1977) . Inclusion types and phase compositions were identified using the criteria of Roedder (1967 Roedder ( , 1972 
and the data of Kennedy (1954) and Kennedy and Holser (1966).
Remarkably similar morphology and composition among primary and pseudosecondary inclusions are exhibited by the various deposits in the Rochester district, including the Nenzel Hill veins (Fig. 13) . Siderite is not present in the hydrothermal assemblages because of high fs• and fo•, relative to fco•, in the ore fluid (Fig. 18) . In the Nenzel Hill ore-forming environment, siderite would be stable only with pyrrhotite and magnetite, according to the data of French (1971) .
The pH-dependent activities of K + in equilibrium with sericite and kaolinitc, and in equilibrium with sericite and K-feldspar in 1 kb ( (Fig. 18) . Vein sulfide assemblages characteristically change from iron-rich sphalerite q-pyrrhotite q-base metal sulfides to iron-poor sphaleritc q-silver sulfosalts with increasing elevation and, to a degree, stratigraphic level. Vein silicate assemblages also change from quartz + K-feldspar to quartz q-sericite with elevation (Figs. 5, 9 , and 10; Table 4 It is unlikely that kaolinite-alunite alteration assemblages and high sulfidation states will develop in deep veins, as these assemblages may require the relatively high oxidation states of near-surface environments.
Evidence for hypogene deposition of minerals indicative of high sulfidation states toward the end of mineralization at Nenzel Hill is speculative at best. Evolution of the ore-forming environment can be reliably traced only to an assemblage characterized by quartz, sericite, K-feldspar, pyrite, tetrahedrite, and low iron sphalerite (Fig. 18) . Because this assemblage occurs in major veins and large volumes of wall rock (Fig. 10) , it may be assumed that the composition of the hydrothermal solution was relatively constant throughout Nenzel Hill during deposition of most silver mineralization. The common hypogene silicate minerals in both veins and low-grade mineralization suggest that the deposits were in mineralogical and chemical equilibrium with the enclosing wall rock.
Two potential buffers, dissolved carbonate species and quartz q-sericite q-K-feldspar, may be related to the pervasiveness of this assemblage. In a homogeneous hydrothermal fluid, the molarity of carbonic acid is reflected by the amount of dissolved CO Sulfides in these deposits were rapidly precipitated in, and confined to, channel ways, with little distribution of vein constituents into wall rocks. In these cases hydrothermal solution chemistry was largely controlled by lithology.
